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					ABSTRACT  

					This study aimed to extract and analyze chitosan sourced from periwinkle  

					(Tympanotonos fuscatus) under differential decolorization conditions. Chitin was  

					extracted from the shells of periwinkle (Tympanotonos fuscatus). The pulverized  

					shells underwent demineralization with 2M HCl, deproteination using 1M NaOH,  

					and decolorization to extract chitin. For chitosan extraction, deacetylation was  

					performed with 40 % NaOH. Five solvents: 0.1 % hypochlorite, 1 % acetone, and  

					1 % ethanol—were employed to eliminate residual pigments from the chitin. FTIR  

					analysis was conducted to examine structural variations resulting from the  

					different decolorization treatments. The chitin yield varied between 51.70 % and  

					70.9 %, while the chitosan yield ranged from 28.04 % to 48.11 %. The degree of  

					deacetylation was found to be between 46.3 % and 63.5 %, with the combination  

					of acetone and ethanol yielding the lowest degree of deacetylation at 46.3 %. The  

					FTIR spectrum of chitin extracted from periwinkle shells exhibited absorbance  

					bands at approximately 3503.7, 2357.5, 1658.7, 1446.2, 1086.5, 886.6, and 678.4  

					cm⁻¹. These findings confirm that chitin can be effectively produced from  

					periwinkle shells.  

					Revised December 2024  

					Accepted December 2024  

					Published online January 2025  

					Copyright: © 2025 Onosakponome  

					et al. This open-access article is  

					distributed under the terms of the  

					Creative Commons Attribution  

					License,  

					which  

					permits  

					unrestricted use, distribution, and  

					reproduction in any medium,  

					provided the original author and  

					source are credited.  

					Keywords: Chitin, Chitosan, Decolorization, Extraction, FTIR, Periwinkle  

					1.0 INTRODUCTION  

					Chitin, a natural mucobiopolymer, is composed of  

					randomly arranged N-acetyl-D-glucosamine (N-  

					GlcNAc) monomers [1]. It is the second most abundant  

					biopolymer in nature, following cellulose, and is found  

					in the exoskeletons of arthropods, mollusks, insects,  

					and the cell walls of fungi [2, 3]. Despite its abundance,  

					raw chitin has limited direct applications due to its  

					insolubility and rigid crystalline structure. To enhance  

					its usability, chitin is often chemically or enzymatically  

					deacetylated to produce chitosan, a more reactive  

					derivative with improved solubility in acidic  

					conditions. Chitosan retains some acetamide groups  

					and exhibits unique functional properties due to the  

					presence of amine and hydroxyl groups, making it  

					versatile across various industries [2, 4]. Chitosan’s  

					have driven its widespread application in fields such as  

					biomedicine, agriculture, food technology,  

					pharmaceuticals, and environmental remediation [1].  

					Furthermore, its antimicrobial, antioxidant, and film-  

					forming properties have made it a material of choice in  

					emerging technologies such as drug delivery systems,  

					tissue engineering, and water purification. However,  

					the sustainable and economical sourcing of chitosan  

					remains a pressing challenge, especially given the  

					environmental  

					and  

					economic  

					considerations  

					associated with its traditional extraction from shrimp  

					and crab shells. Periwinkles (Tympanotonos fuscatus),  

					medium-sized sea snails commonly found in coastal  

					and mangrove ecosystems, offer an alternative source  

					of chitin. These mollusks are consumed extensively in  

					Nigeria and other coastal regions, with their popularity  

					driven by their rich nutritional profile, particularly  

					attributes  

					including  

					its  

					biocompatibility,  

					biodegradability, bioactivity, and non-toxic nature  
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					their high polyunsaturated fatty acid content [5, 7].  

					Annually,approximately 40.3 tons of periwinkles are  

					harvested from mangrove communities in Delta and  

					Rivers States, Nigeria [6]. However, the consumption of  

					periwinkles generates a significant amount of shell  

					waste, as their outer shells are inedible. These shells  

					primarily comprise calcium carbonate, small lipid  

					residues, and about 40% chitin [8]. The improper  

					disposal of periwinkle shells has led to the accumulation  

					of waste along coastlines and in local communities,  

					causing environmental pollution [9, 10]. The  

					drying in an oven at 60 °C until a constant weight was  

					achieved. After drying, the shells were crushed and  

					sifted through a 60 - 120 µm mesh.  

					Extraction of Chitosan  

					Chitosan was isolated from the periwinkle shells  

					through  

					four  

					main  

					steps:  

					demineralization,  

					deproteination, decolouration (depigmentation), and  

					deacetylation.  

					Demineralization of Chitin  

					Demineralization was conducted using  

					management of this waste presents  

					a

					significant  

					a

					method  

					challenge, particularly in regions where periwinkle  

					consumption is high. Recycling these shells to extract  

					valuable biopolymers such as chitin and chitosan offers  

					a promising solution. Such an approach not only  

					addresses environmental concerns but also adds value  

					by producing high-demand materials for various  

					industrial applications.  

					adapted from Abdou et al. [11] with 2N HCl. A total of  

					100 g of dried, pulverized periwinkle shells was treated  

					with 2M HCl and gently stirred until the effervescence  

					ceased. The mixture was permitted to stand for 24 hours  

					to remove the mineral content. The extent of chitin was  

					calculated based on the weight discrepancy between  

					the dried shells and the extracted chitin.  

					This study focuses on the extraction and  

					characterization of chitosan from periwinkle shells  

					under differential decolourisation conditions. By  

					optimizing the decolourisation process, the study aims  

					to enhance the quality and yield of chitosan, providing  

					insights into sustainable and efficient recovery  

					methods. The findings are expected to contribute to the  

					development of environmentally friendly strategies for  

					waste management and the valorization of marine shell  

					by-products, aligning with global efforts toward circular  

					bioeconomy and resource sustainability.  

					Deproteination of Chitin  

					Following demineralization, the chitin underwent  

					deproteination as outlined by Kumar and Ravi [12]. After  

					24 hours, the demineralized chitin was rinsed  

					repeatedly with distilled water to eliminate CaCl2 and  

					additional dissolved contaminants until a neutral pH was  

					achieved. It was then processed with 1 M sodium  

					hydroxide (NaOH) and recirculated at 60 °C for 24 hours  

					to eliminate residual proteins and organic components.  

					Decoloration (Depigmentation) of Chitin  

					2.0 MATERIALS AND METHODS  

					2.1 Materials  

					After deproteination, decolouration was performed  

					following the method described by Sarbon et al. [13].  

					The deproteinated shells were treated with 0.1 %  

					hypochlorite, 1 % acetone, and 1 % ethanol at ambient  

					temperature for 48 hours. The samples were  

					subsequently rinsed with distilled water until neutral  

					and dried in an oven at 60 °C to a stable weight.  

					Sample Material  

					Fresh periwinkle samples were collected from the  

					banks of the River Niger in Onitsha, Nigeria.  

					Source of Chemical and Reagents  

					Deacetylation of Chitin  

					The chemicals used in this study, including hydrochloric  

					acid, sodium hydroxide, acetone, hypochlorite, and 96  

					% ethanol, were sourced from Sigma-Aldrich Chemical  

					Company in the United Kingdom.  

					Deacetylation of chitin was carried out as described by  

					Yen et al. [14]. Chitin was handled with 40 % sodium  

					hydroxide (NaOH) and heated under recirculation for  

					six hours at 100 °C, then cooled to room temperature.  

					The resulting chitosan was washed multiple times with  

					distilled water until neutral and dried in an oven at 60 °C  

					until a uniform weight was achieved. The percentage  

					yield of the chitin and chitosan was computed according  

					to Santos et al. [15] by the equation,  

					2.2 Methods  

					Sample Preparation  

					Frozen periwinkle (Tympanotonos fuscatus) shells were  

					rinsed with boiling water at around 90 °C. The shells  

					were then washed with hot distilled water, followed by  

					푊ꢀꢁ푔ℎꢂ ꢃꢄ ꢅℎꢁꢂꢁꢆ ꢃꢇ ꢅℎꢁꢂꢃꢈꢉꢆ ꢃ푏ꢂꢉꢁꢆꢀꢊ  

					퐼ꢆꢂꢁꢉꢋ 푤ꢀꢁ푔ℎꢂ ꢃꢄ 푝ꢀꢇꢁ푤ꢁꢆ푘ꢋꢀ ꢈℎꢀꢋꢋ 푢ꢈꢀꢊ ꢄꢃꢇ ꢅℎꢁꢂꢁꢆ ꢃꢇ ꢅℎꢁꢂꢃꢈꢉꢆ ꢀ푥ꢂꢇꢉꢅꢂꢁꢃꢆ  

					% 푌푖푒푙푑 표푓 푐ℎ푖푡푖푛 표푟 푐ℎ푖푡표푠푎푛 =  

					× 100  

					(1)  

					2.2.3 Fourier Transform Infrared Spectroscopy  

					(FTIR) of Chitin and Chitosan  

					spectra for both chitin and chitosan were obtained with  

					Perkin Elmer FTIR Spectrometer, covering  

					a

					a

					The degree of deacetylation (DD) of chitosan derived  

					from the periwinkle shell was assessed using FTIR,  

					following the method outlined by Nessaa et al. [16]. FTIR  

					frequency range of 4000 to 625 cm⁻¹. This technique was  

					employed to evaluate the degree of deacetylation of the  

					chitosan. The calculation of the DD was based on the  
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					baseline established by Khan et al. [17], with the  

					Plate 2: Deproteination of the demineralized shells of  

					corresponding computation equation provided below:  

					periwinkle (Tympanotonos fuscatus) using 1N NaOH.  

					퐷퐷 = 100 − {(퐴 ) × 100 1.33}  

					(2)  

					1658  

					⁄

					퐴

					3450  

					The deproteination process involves breaking the  

					chemical bonds between chitin and proteins. In line with  

					this, Percot et al. [20] examined the process of  

					extracting chitin from shrimp shells by treating them  

					with 1 M NaOH at 70 °C for 24 hours. Similarly, Abdou et  

					al. [11] reported using a 1 M sodium hydroxide solution  

					at temperatures between 105 and 110 °C. Following  

					demineralization and deproteination of the periwinkle  

					shell waste, the chitin obtained was coloured. To  

					eliminate the coloured residual pigments and produce  

					a colourless product, decolourization was performed  

					using three different solvents: 0.1 % hypochlorite, 1 %  

					acetone, and 1 % ethanol, all at ambient temperature for  

					48 hours. The yielding samples were rinsed to neutral  

					pH and dried at 60 °C to yield chitin. In a similar study,  

					Mohammed et al. [21] produced nearly white chitosan  

					from prawn shells by processing the deproteinated  

					shells using acetone at ambient temperature for 24  

					hours to eliminate pigments. The chitin yield in this  

					study ranged from 51.70 % to 70.9 %, while the chitosan  

					yield varied from 28.04 % to 48.11 %. The differences in  

					chitin yield may stem from the varying chemical  

					compositions of the decolorizing agents, while the  

					variation in chitosan yield might result from the  

					exorbitant loss of acetyl groups during deacetylation.  

					Varma et al. [22] reported that Pinna deltoid shells  

					yielded an average of 70.67 % chitin, with a chitosan  

					yield of 45.01 % from 100 g of chitin. Additionally, El-  

					Knidri et al. [23] documented a chitin yield of 86.26 %  

					from dried Parapenaeus longirostris shell waste,  

					alongside a chitosan yield of 29.45 %. Variations in  

					outcomes can often be ascribed to variations in the  

					spatial sources of chitin and the methods employed for  

					extraction [19].  

					The absorbances at 1655 cm⁻¹ (A1655) and 3450 cm⁻¹  

					(A3450) corresponded to the amide-I band, indicating  

					the N-acetyl group composition, and the hydroxyl band,  

					respectively, which served as a reference benchmark to  

					adjust for disc thickness. The factor '1.33' represented  

					the ratio of A1655 to A3450 for fully N-acetylated  

					chitosan.  

					3.0 RESULTS AND DISCUSSION  

					This study employed a chemical method for producing  

					chitin and chitosan. Hydrochloric acid (HCl) was  

					selected for demineralization, as it is widely regarded  

					as a suitable reagent [18]. The demineralization of  

					ground periwinkle (Tympanotonos fuscatus) shells was  

					achieved using 2N HCl. This process effectively  

					decomposes calcium carbonate into water-soluble  

					calcium salts, releasing carbon dioxide [11].  

					Additionally, successful demineralization relies on the  

					solvent's ability to penetrate the chitin matrix, which is  

					significantly influenced by particle size. Sambo et al.  

					[19] reported using 1M HCl to demineralise chitin  

					derived from shrimp.  

					Plate 1: Demineralization of the ground shells of  

					periwinkle (Tympanotonos fuscatus) using 2N HCl.  

					Plate 3: Pictorial Representation of chitosan obtained  

					after the deacetylation of chitin from shells of Periwinkle  

					(Tympanotonos fuscatus).  
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					The various decolorized chitin samples were subjected  

					to N-deacetylation to produce chitosan using 40 %  

					sodium hydroxide (NaOH), heated under reflux for six  

					hours at 100 °C. In contrast, Mohammed et al. [21] used  

					25 % NaOH for the deacetylation of prawn shells. The  

					chitin and chitosan produced were characterized  

					through FTIR analysis, focusing on the degree of  

					deacetylation. The results of the FTIR analysis of the  

					chitin extracted from periwinkle shells are shown in  

					Figure 1, The spectrum displayed eleven (11) peaks  

					(678.4, 818.2, 866.6, 1086.5, 1291.5, 1340.0, 1446.2,  

					1658.7, 2357.5, 3503.7, 3798.2 cm-1). The FTIR spectrum  

					of chitin extracted from periwinkle shells displayed a  

					split band around 3503.7 cm⁻¹, relating to the stretching  

					vibration of the N–H group (Figure 1). Additionally, a  

					prominent band at 1658.7 cm⁻¹ was observed, which  

					aligns with the characteristics of β-chitin. The absence  

					of this peak in the deacetylated chitosan implies the  

					vibration of amide stretching groups, possibly due to  

					the existence of intermolecular hydrogen bonds  

					between CO and HN. Kovaleva et al. [24] noted that the  

					band at 1658.7 cm⁻¹ could result from the stretching  

					vibrations of secondary and tertiary amide groups.  

					Figure 1: The FTIR spectrum result of the chitin extracted from periwinkle shells  

					For chitosan, the band associated with the amide group  

					at 1658.7 cm⁻¹ in chitin was absent in the spectra of  

					chitosan derived from chitin decolorized with ethanol,  

					acetone, and hypochlorite. This suggests that the  

					secondary amide group has been removed during  

					deacetylation. The FTIR results highlighted the  

					functional groups present in chitosan, reflecting  

					structural changes due to the different decolorization  

					treatments. The results of the FTIR spectrum of the  

					chitosan decolorized with ethanol are shown in Figure  

					2. The spectrum displayed eight (8) peaks (687.7,  

					864.7, 900.2, 1069.7, 1407.1, 1435.0, 2359.4, 3643.5 cm-  

					1). Notably, the chitosan obtained from chitin  

					decolorized with ethanol exhibited a sharp band at  

					1435.0 cm⁻¹, corresponding to C–N stretching in the  

					secondary amide (amide II) structure. A split band at  

					864.7 cm⁻¹ was also detected, relating to the C–H bonds  

					of the anomeric carbon in the glucopyranose cyclic  

					residues of chitosan. The degree of deacetylation for  

					chitosan obtained from ethanol-treated chitin, as  

					measured by FTIR, was found to be 54.9 %.  

					Additionally, an absorbance peak at 3643.5 cm⁻¹,  

					attributed to the amide group, was noted. This is  

					consistent with findings by Mohammed et al. [21], who  

					identified  

					a

					peak around 3262 cm⁻¹ in chitosan  

					extracted from prawn shells, indicating N-H stretching  

					of the amide group.  

					Figure 2: The results of the FTIR spectrum of the chitosan decolourized with ethanol  
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					The results of the FTIR spectrum of the chitosan  

					decolourized with acetone are shown in Figure 3. The  

					spectrum displayed six (6) peaks (693.3, 864.7,  

					1408.9, 2357.5, 3268.9, 3641.6 cm-1). For chitosan  

					derived from chitin decolourized with acetone, an  

					absorbance peak at 2357.5 cm⁻¹ was noted, which was  

					less prominent in the other chitosan spectra. This  

					.

					peak is ascribed to methylene groups in chitin [25]. A  

					weak band at 3641.6 cm⁻¹, associated with the amide  

					group of chitin, was also contained in the other  

					chitosan spectra. Additionally, a sharp band at 864.7  

					cm⁻¹, linked to the C–H bonds of the anomeric carbon  

					in chitosan, was consistently observed across the  

					other chitosan samples  

					Figure 3: The FTIR spectrum of the chitosan decolourized with acetone  

					Figure 4: The FTIR spectrum of the chitosan decolorized with the acetone + ethanol  

					The results of the FTIR spectrum of the chitosan  

					decolorized with acetone + ethanol are shown in  

					Figure 4. The spectrum displayed seven (7) peaks  

					(691.4, 881.5, 1429.4, 1654.9, 2087.3, 2368.7, 3291.2  

					cm-1). The FTIR spectrum of chitosan extracted from  

					chitin decolorized with a mixture of acetone and  

					ethanol displayed absorbance bands, including a  

					prominent sharp band at 1429.4 cm⁻¹, indicating CN  

					bending and CH₃ deformation in the secondary amide  

					(amide II) of chitosan [19]. Additionally, an  

					absorbance band at 1654.9 cm⁻¹ was observed,  

					corresponding to the chitin spectrum's 1658.7 cm⁻¹,  

					which suggests that this treatment retains some  

					degree of acetylation even after deacetylation.  

					Notably, this band was absent from the other chitosan  

					spectra. A weak band at 861.5 cm⁻¹, associated with  

					C–H bonds of the anomeric carbon in chitin, was also  

					present. The results of the FTIR spectrum of the  

					chitosan decolorized with hypochlorite are shown in  

					Figure 5. The spectrum displayed six (6) peaks (698.9,  
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					864.7, 1067.9, 1440.6, 3026.6, 3632.3 cm-1). For  

					chitosan derived from chitin decolorized with  

					hypochlorite, the FTIR spectrum showed a sharp peak  

					at 1440.6 cm⁻¹, attributed to NH2 bending and CN  

					stretching of amines in chitosan. Consistent with the  

					other chitosan spectra, the sharp band at 1658.7 cm⁻¹,  

					characteristic of β-chitin, was not present in the  

					hypochlorite-treated chitosan. Furthermore, a weak  

					band at 1067.9 cm⁻¹, corresponding to CO stretching,  

					further supports the chitosan structure [19].  

					Figure 5: The FTIR report of the chitosan decolourised with hypochlorite  

					The degree of deacetylation of chitosan derived from  

					chitin treated with various decolorisation agents  

					varied from 46.3 % to 63.5 % (Table 1). The degree of  

					deacetylation (DD) is crucial for determining the  

					specific applications of chitosan [26]. Among the  

					treatments, hypochlorite resulted in the highest  

					deacetylation at 63.5 %. This variation can be  

					attributed to differences in the distribution of acetyl  

					groups along the polymer chains and the decolorizing  

					solutions' viscosity.  

					et al. [21] found a lower value of 36 % for chitosan from  

					prawn shells. The variations in deacetylation levels  

					may be influenced by the duration of the process and  

					the concentration of sodium hydroxide used.  

					4.0 CONCLUSION  

					This study underscores the potential of periwinkle  

					(Tympanotonos fuscatus) shells as a sustainable and  

					valuable source of chitosan. By transforming a low-  

					cost and readily available waste material into a high-  

					value biopolymer, this research aligns with global  

					efforts to promote waste valorization and sustainable  

					resource management. The extraction process  

					confirmed that the chitin derived from periwinkle  

					shells is β-chitin, as validated through Fourier  

					Transform Infrared Spectroscopy (FTIR) analysis. This  

					finding is significant, as β-chitin offers distinct  

					structural and functional properties compared to α-  

					chitin, which is commonly sourced from crustaceans.  

					Table 1: Results of the Degree of Deacetylation of  

					chitosan derived from chitin treated with various  

					decolourization agents.  

					Decolorization  

					agents  

					Ethanol  

					Degree  

					Deacetylation  

					54.9 %  

					of  

					Acetone + Ethanol  

					Acetone  

					46.3 %  

					62.4 %  

					Furthermore,  

					the  

					differential  

					decolourisation  

					Hypochlorite  

					63.5 %  

					treatments applied during the study resulted in  

					observable changes in the FTIR spectra of the  

					resulting chitosan. These spectral variations provide  

					valuable insights into the chemical modifications and  

					the effectiveness of the treatments, enriching the  

					understanding of the structural transformation from  

					chitin to chitosan. The results of this study not only  

					demonstrate the feasibility of chitosan extraction from  

					periwinkle shells but also highlight its potential for  

					scalability and application across various industries,  

					The differences in absorbance and degrees of  

					deacetylation may also stem from the chemical  

					composition of the decolorizing agents used during  

					the depigmentation of chitin prior to deacetylation.  

					Pecora et al. [26] noted that sodium hypochlorite  

					(NaOCl) functions as an organic solvent that degrades  

					fatty acids into fatty acid salts (soaps) and glycerol,  

					reducing the surface tension of the remaining  

					solution. This could explain why hypochlorite  

					resulted in a higher degree of deacetylation. Puvvada  

					et al. [27] reported a deacetylation degree of 87.79 %  

					for chitosan extracted from shrimp, while Mohammed  

					including  

					environmental  

					biomedicine,  

					remediation.  

					agriculture,  

					Additionally, the  

					and  

					approach contributes to addressing environmental  
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					pollution caused by the improper disposal of  

					periwinkle shells, promoting a circular economy.  

					Future studies could explore the optimization of  

					extraction conditions to maximize chitosan yield and  

					quality while evaluating its performance in specific  

					applications such as antimicrobial agents, water  

					purification, or drug delivery systems. By advancing  

					the utilization of periwinkle shells, this research  

					provides a pathway for sustainable innovation and  

					supports the development of eco-friendly biopolymer  

					production methods.  

					biomaterial, not a nuisance waste product.  

					Reviews in Aquaculture, 11(1), 42–57.  

					DOI: 10.1111/raq.12225  

					[9] Murphy, J. N. and Kerton, F. M. (2017).  

					Characterization and utilization of waste streams  

					from mollusk aquaculture and fishing industries.  

					Fuels, Chemicals and Materials from the Oceans  

					and Aquatic Sources, 189–227.  

					doi.org/10.1002/9781119117193.ch8  

					[10] Oyedepo, O. J and E. O. Olukanni (2015).  

					Experimental investigation of the performance  

					of Palm Kernel Shell and Periwinkle Shell as a  

					partial replacement for coarse aggregate in  

					Asphaltic Concrete. Journal of Building Material  

					and Structure, 2: 33 – 40.  

					Acknowledgements  

					I wholeheartedly thank Prof. F. C. Chilaka and Prof.  

					S.O.O. Eze of Biochemistry Department, University of  

					Nigeria,  

					Nsukka  

					for  

					providing  

					all  

					the  

					https://doi.org/10.34118/jbms.v2i2.18  

					material/resources used for this research.  

					[11] Abdou, E. S., Nagy, K. S., and Elsabee, M. Z.  

					(2008). Extraction and characterization of chitin  

					and chitosan from local sources. Bioresource  

					Technology, 99(5), 1359-1367.  

					REFERENCES  

					[1] Islam, S., Bhuiyan, M.A.R. & Islam, M.N. (2017).  

					Chitin and chitosan: structure, properties, and  

					applications in biomedical engineering. Journal  

					of Polymer Environment, 25:854–866.  

					https://doi.org/10.1007/s10924-016-0865-5  

					[2] Abd El-Hack, M.E.; El-Saadony, M.T.; Shafi,  

					M.E.; Zabermawi, N.M.; Arif, M.; Batiha, G.E.;  

					Khafaga, A.F.; Abd El-Hakim, Y.M.; Al-Sagheer,  

					A.A. (2020). Antimicrobial and Antioxidant  

					Properties of Chitosan and Its Derivatives and  

					DOI: 10.1016/j.biortech.2007.01.051  

					[12] Kumar, M. Y. and Ravi, A. (2017). Extraction and  

					characterization of chitosan from shrimp waste  

					for application in the feed industry. International  

					Journal of Science, Environment, and Technology,  

					6(4): 2548 – 2557.  

					[13] Sarbon,  

					N.M.,  

					Sandanamsamy,  

					S.,  

					Kamaruzaman, S.F.S. and Ahmad, F. (2015).  

					Chitosan extracted from mud crab shells (Scylla  

					olivicea): physiochemical and antioxidant  

					properties. Journal of Food Sciences and  

					Their Applications:  

					Macromol.  

					A

					Review. Int. J. Biol.  

					164:  

					2726–2744.  

					https://doi.org/10.1016/j.ijbiomac.2020.08.153  

					[3] Chien, R., Yen, M. and Mau, J. (2016)  

					Antimicrobial and antitumor activities of  

					chitosan from shiitak estipes, compared to  

					commercial chitosan from crab shells.  

					Carbohydrate Polymer, 138(1):259–264.  

					Technology, 52(7): 4266  

					–

					4275. doi:  

					10.1007/s13197-014-1522-4  

					[14] Yen, M., Yang. J. and Mau, J. (2009).  

					Physiochemical characterization of chitin and  

					chitosan from crab shells. Carbohydrate  

					polymers, 75(1): 15 – 21.  

					DOI: 10.1016/j.carbpol.2015.11.061  

					[4] Chawla, S. P., Kanatt, S. R. and Sharma, A. K.  

					(2015). Chitosan. Polysaccharides, 6:13-19.  

					[5] Sara, S.G. (2021). A review of the potential of  

					rice husk (rh) and periwinkle shell (paws) in the  

					development of plastic composites. European  

					Journal of Mechanical Engineering Research,  

					8(1): 1-9. https://doi.org/10.37745/ejmer.2014  

					[6] Orji, F. N., Egwuonwu, C. C. and Asoegwu, S. N.  

					(2017). The investigation of periwinkle shell rice  

					husk composite as a replacement for granite in  

					concrete. Open Science Journal of Bioscience and  

					Bioengineering,4(1):1–5.  

					https://doi.org/10.1016/j.carbpol.2008.06.006  

					[15] Santos, V.P., Marques, N.S.S., Maia, P.C.S.V., de  

					Lima, M.A.B., de Franco, L.O. and de Campos-  

					Takaki, G.M. (2020). Seafood Waste as Attractive  

					Source of Chitin and Chitosan Production and  

					Their Applications. Int. J. Mol. Sci. 21: 4290.  

					https://doi.org/10.3390/ijms21124290  

					[16] Nessaa, F., Shah, M.D., Masumb, M.,  

					Asaduzzamana, S.K., Hossaina M.M. and Jahan.  

					M. S. (2010). A Process for the Preparation of  

					Chitin and Chitosan from Prawn Shell Waste.  

					Bangladesh Journal of Scientific and Industrial  

					Research, 45(4): 323-330.  

					http://www.openscienceonline.com/journal/bi  

					o

					https://doi.org/10.3329/bjsir.v45i4.7330  

					[7] Moniruzzaman, M., Sku, S., Chowdhury, P.,  

					Tanu, M. B., Yeasmine, S., Hossen, M. N., Min, T.,  

					Bai, S. C. and Mahmud, Y. (2021). Nutritional  

					evaluation of some economically important  

					marine and freshwater mollusk species of  

					Bangladesh. Heliyon, 7(5), e07088.  

					DOI: 10.1016/j.heliyon.2021.e07088  

					[8] Morris, J. P., Backeljau, T. and Chapelle, G.  

					(2019). Shells from aquaculture: A valuable  

					[17] Khan, T.A., Peh, K.K. and Ch'ng, H. S. (2002).  

					Reporting degree of deacetylation values of  

					chitosan: the influence of analytical methods.  

					Journal of Pharmacy and Pharmaceutical  

					Sciences, 5(3):205-212. PMID: 12553887  

					[18] Gadgey, K.K. and Bahekar, A. (2017). Studies on  

					Extraction Methods of Chitin from Crab Shell  

					and Investigation of its Mechanical Properties.  

					56  

				

			

		

		
			
				
					
				
			

			
				
					Onosakponome et al.  

					Trop. J. Chem., Jan. 2025; 1(1): 50 – 57  

					International Journal of Mechanical Engineering  

					and Technology, 8(2): 220–231  

					[19] Sambo, R. E., Nuhu, A. A. and Uba, S. (2019).  

					Preparation and Characterisation of Shrimp  

					Waste-Derived Chitin, Chitosan, and Modified  

					Chitosan Films. Nigerian Research Journal of  

					Chemical Sciences, 6: 1 – 18.  

					chitosan. International Journal of Biological  

					Macromolecules. 120: 1181-1189.  

					https://doi.org/10.1016/j.ijbiomac.2018.08.139  

					[24] Kovaleva, E. G., Pestov, A.V., Stepanova, P. D.  

					and Molochnikov, L. S. (2016). Characterization  

					of chitin and its complexes extracted from  

					natural raw sources. 1772(1):050007-.  

					http://www.unn.edu.ng/nigerian-research-  

					journal-of-chemical-sciences/  

					[20] Percot, A. and Viton, C and Domard, A. (2003).  

					Characterization of shrimp shell deproteination.  

					Biomacromolecules, 4:1380–1385.  

					Doi: 10.1063/1.496457  

					[25] Akpan, E.I., Gbenebor, O.P. and Adeosun, S.O.  

					(2018). Synthesis and characterization of chitin  

					from periwinkle (Tympanotonus fusatus (L.)) and  

					snail (Lissachatina fulica (Bowdich)) shells.  

					DOI: 10.1021/bm034115h  

					International  

					Macromolecules, 106: 1080–1088.  

					DOI: 10.1016/j.ijbiomac.2017.08.106  

					Journal  

					of  

					Biological  

					[21] Mohammed, M.H., Peter, A., Williams, A. and  

					Tverezovskaya, O. (2013). Extraction of chitin  

					from prawn shells and conversion to low  

					molecular mass Chitosan. Food Hydrocolloids,  

					31: 166-171.  

					https://api.semanticscholar.org/CorpusID:9334  

					1552  

					[22] Varma, R., Vasudevan, S., Chelladurai, S. and  

					Narayanasamy, A. (2022). Synthesis and  

					Physicochemical Characteristics of Chitosan  

					Extracted from Pinna deltoids. Letters in Applied  

					NanoBioScience, 11(4): 4061 – 4070.  

					[26] Pecora, J.D., Sousa-Neto, M.D. and Estrela C.  

					(1999). Soluções irrigadoras auxiliares do  

					preparo do canal radicular. In: Endodontia -  

					Princípios biológicos e mecânicos. Estrela C,  

					Figueiredo JAP. Eds. São Paulo: Artes Médicas;.  

					Pp 552-569.  

					[27] Puvvada, Y. S., Vankayalapati, S. and Sukhavasi,  

					S. (2012). Extraction of Chitin from Chitosan  

					from Exoskeleton of Shrimp for Application in  

					the Pharmaceutical Industry. International  

					Current Pharmaceutical Journal, 1(9):258-263.  

					DOI: https://doi.org/10.3329/icpj.v1i9.11616  

					https://doi.org/10.33263/LIANBS114.40614070  

					[23] El-Knidri, H., Belaabed, R., Addaou, A., Laajeb,  

					A. and Lahsin, A. (2018). Extraction, chemical  

					modification, and characterization of chitin and  

					57  

				

			

		

	



EPUB/images/img_16.png
SR S o, R S T e e e 7o P
3800 3000 2500 2000 1500

Wavenumber (cm-1)







EPUB/toc.xhtml

Table of Contents


		Page







EPUB/images/img_01.png





EPUB/images/img_13.png
1000

2900
Wavenumber (cm-1)

3000

BTG b gibhr b Gobb' Gobo





EPUB/images/img_14.png
o002, ot BB 010 012 ose

e e L e e s e L N 590 0 L P ioe
3500 3000 2500 2000 1500 1000

Wavenumber (cm-1)





EPUB/images/img_10.png
L e e
2000

L e
3800 3000 2500

Wavenumber (em-1)





EPUB/images/img_11.png
oo, ops 010 B o 005 0a

N L P L e e
3300 3000 2500 2000 1500 1000
Wavenuimber (om-1)






EPUB/images/img_08.png





EPUB/images/img_07.png












EPUB/images/img_06.png





EPUB/images/img_05.png





EPUB/images/img_04.png





